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ABSTRACT 



The invention concerns a self-propelled lawn mower and a 
method adapted for using said machine. The machine com- 
prises: a mobile frame (1) including at least one drive wheel 
(6) and at its lower surface at least two juxtaposed cutters 
(3), associated each with an electric motor; an electronic 
system for controlling the forward movement of the 
machine; an on-board computer; an electric power supply; 
means for measuring the force supplied by each cutter, said 
measurement being transmitted to the on-board computer; a 
memorized algorithm for seeking the grass surfaces to be 
mowed by the interaction of the machine forward movement 
system, said force measurements and the on-board com- 
puter; means for detecting the limits of the surface to be 
mowed by a magnetic field measurement or the variation of 
a magnetic field emitted or caused by a set or buried wire, 
located at said limits. 

32 Ciaims, 2 Drawing Sheets 
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S£LF-PROP£LL£D lAWN MOWER 

This application is the national phase of international 
application PCT/BE98/00038 filed Mar. 18, 1998 which 
designated the U.S. s 

This invention relates to improvements to an autono- 
mous lawn mower, more especially a multiple-cutting-head 
autonomous lawn mower. 

The European patent EP-A-0 550 473 puts forward a 
low-power robotic mower traveling almost continuously 
over the surface to be mowed in random manner. 

From the same above mentioned patent, a first improve- 
ment is known with respect to a purely random system by 
utilizing the measurement of the energy absorbed by the 
cutting head in order to determine whether or not the 15 
machine is in an already mown area. This enables the mower 
at one and the same time to adjust its progression speed in 
order to remain only a short time in an already mown area 
and on the other hand to modify its behavior when passing 
over a non-mown area (e.g. then to follow a spiral mowing 20 
path). 

This invention puts forward additional improvements for 
the mowing eflBciency of a robotic mower, in particular for 
mowing laige surface areas, for example for golf courses or 
park surface areas. 2S 

One of the disadvantages associated with mowing 
devices designed for large surface areas such as utilized at 
present, consists in the utilization of a relatively powerful 
cutting system, the surface of the cutting head or heads 
having to be greater than for classic mowers for domestic 30 
use. The inertia of the cutting disk(s) or blade(s) is also 
greater. The safety in use of these devices therefore presents 
a problem, especially if a foreign body accidentally comes 
into contact with the cutting head(s). This safety problem 
also arises, and even more so, when robotic mowing devices 35 
are to be utilized for large surface areas. 

According to a first aspect of the invention, a robotic 
mower is put forward which does not have or greatly reduces 
this inconvenience. 



described in the above mentioned European patent 0 550 
473, incorporated by reference into this specification. 

According to a first aspect of the invention a robotic 
mowing device with several cutting heads is put forward. 

More especially the mowing device has the following 
elements, taken separately or in any combination: 

a mobile chassis comprising at least one driving wheel 
and on its lower side at least two juxtaposed cutting 
heads, preferably each connected to a preferably 
elecbic, independent motor 
an electronic control system 
an on-board computer 
an electric power supply unit 

a means for measuring the force provided by each cutting 
head, the aforesaid measurement being transmitted to 
the on-board computer 
an algorithm stored in memory enabling the interaction of 
the advancement system of the device, the above men- 
tioned force measurements and the on-board computer, 
means capable of enabling for example the searching 
for surface areas of grass to be cut; 
a means for detecting the boundaries of the mowing 
surface area by measurement of a magnetic field or of 
the variation of a magnetic field emitted or caused by 
a laid-down or buried wire located at the aforesaid 
boundaries, and possibly 
a means for detecting obstacles by analysis of relative 
movements of an upper plate of the device elastically 
integral to its chassis such as described in the European 
patent EP 0 550 473 
an anti-theft device based on the measurement of the 
movement away from the ground and/or on a code 
peculiar to the user. 
According to a first aspect of the invention the adoption 
of a machine with several cutting heads, preferably identical, 
is therefore provided. Thus two, three, four, five or more 
than five cutting heads can be provided, e.g. eight cutting 
heads, installed on one and the same mower chassis. Accord- 



According to a second aspect of the invention, a guiding 40 ing to an embodiment concretized at present, five cutting 



method for a robotic mower is put forward, more especially 
adapted to the robotic mower according to the invention. 

Fundamentally two basic techniques exist for defining 
the route of a mobile autonomous robot, e.g. a robot for lawn 
mowing: 

a systematic mowing technique by which the mower 
systematically mows the lawn, as a human being does 
with a classic mower, either by following a predeter- 
mined route, for example by concealing a guiding wire 



heads are provided. The cutting heads are preferably situated 
at the front of the chassis, which can measure e.g. from 60 
cm to 2 m in width, their locations being at least of&et one 
in relation to the other over the width of the chassis 
45 (dire(^ion perpendicular to movement). The power associ- 
ated with each cutting head is generally situated between 10 
and 90 watts, preferably between 15 and 60 watts, more 
preferentially between 20 and 50 watts. By way of example. 



the diameter of a cutting head can vary from 10 to 50 cm, 

in the groimd, or by utilizing a mapping and/or position 50 a diameter of approximately 20 cm having proved advan- 

finding system by means of markers; tageous. 

a random route technique by which the robotic mower The robotic mower with several cutting heads consists of 

moves constantly in random manner on the surface area a chassis driven by two driving wheels, similar to that 

to be mowed without searching for a determined route. described in the above mentioned European patent 0 550 

The advantage of the latter technique is that it can be 55 473. The driving wheels will nevertheless advantageously 



made naturally self-adapting which gives the system a very 
great strength. Its necessitates on the other hand a great 
number of passes in order to obtain a complete coverage of 
the surface area (3 passes guaranteeing 97% coverage). This 
hardly poses any problem in the case of a continuous 
technique (see European patent 0 550 473 relating to a 
possibly solar-powered robotic mower), but constitutes a 
handicap if a lawn is to be mowed occasionally and quickly 
with a robotic mower without predetermined guiding sys- 
tem. 

All the elements mentioned but not described in detail in 
this specification are analogous or identical to those 



60 



65 



have a considerably larger diameter, e.g. from 2 to 4 times 
greater, than the other wheels. At the front of the machine 
several independent cutting heads are mounted. According 
to an embodiment preferred at present each of the cutting 
heads is operated by its own electric motor. 

These cutting heads are preferably flexibly mounted so 
that the ground irregularities can lift each cutting bead 
independently. When such lifting occurs, the cutting power 
of the corresponding head could momentarily no longer be 
taken into account by the computer (parameter decoupling). 

The cutting heads can be of the type described in the 
patent application PCT WO 96/242432. 
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The motors of each head can be independently operated moreover, the magnetic field variation is not uniform at all 

and the measurement of the torque of each motor is trans- points of the route, it is faster for example in the angles, 

mitted to the on-board computer. It is possible therefore advantageously to resort to a 

According to an embodiment of the invention, the cutting combination of the two above mentioned techniques: when 
force of each head is constantly analyzed (e.g. several 5 the positioning precision becomes insufficient, the multiple- 
hundred times per second), in known manner, by the com- head robotic mower according to the invention can adjust its 
puter of the mower. When the machine parUally overlaps a p^th, due to the analysis of the different cutting forces of the 
mown area and an unmown area, the result of the analysis cutting heads 

of the forces on each cutting head enables the computer to ^-^^^ ^^^^ 3 ^^^^^^ ^ion of the ground, 

situate the machme m re ation to the boundary of the two ^^^^^ ^ ^^^^^ 

areas and to position Itself m consequence. practicaUy zero, the robotic mower can therefore only 

TTie on-board computer can thiis control the route of the P ^ ^ ^^^^ 

mower in order to make It approximately follow the demar- , ri_ r f uuj j/u a 

cation between the two areas, resulting for example from the ^"^^Vf the cutting forces of each head, and/or based on 

trace left by a previous pass of the robotic mower. ? ^^"f P^j^ P^^^f ^mown areaAinmown area 

In order to mow a determined surface area, the device can 15 boundary is detected. This latter possibihty can be apphed 

be placed and actuated in any location of this surface area. a mower with one single cuttmg head. 

The route can first be effected randomly until the computer Alternatively, m this central portion, the robotic mower, 

detects a mown areaAinmown area demarcation and actuates with one or several heads, can adopt a systematic mowing 

the above mentioned algorithm. The normal progression system, e.g. either in spiral (see patent EP 550473) or in back 

speed of the device can vary but is advantageously of 20 and forth mowing. 

approximately 1 m/sec (e.g. 2 to 5 km/h). This latter variant consists in a back and forth movement 

Alternatively, when the perimeter of the area to be mowed of the mower, the mower moving in a straight line, possibly 

is defined by a wire, in which for example a low-frequency guided by means of data from a compass, until the signal 

current flows such as described in the above mentioned from the peripheral wire is greater than a reference value, in 

patent EP-A-0 550 473, the above mentioned guiding tech- 25 which case the mower turns back with a displacement of its 

nique based on the aforementioned demarcation can be track ofone cutting width in order thus to approach the other 

combined with a technique linked to a systematic starting of extremity of the weak signal area and again to turn back with 

the mowing process along die penpheral wire as described displacement, e.g. with a displacement corresponding to or 

hereafter. According to another aspect of the invention, each ^ cutting width 

technique can moreover also be utilized independently. 3^ ^^^^^ according to the invention can be powered by 

Accordmg to this second technique, at the start or mowing , ui u • ♦u u ■ u • 
themachine(withoneorseveralcuttingheads)ispositioned or more rechargeable battenes, the rechargmg being 
along the peripheral wire. After startini, the on-bbard com- ^^^^f^^ accordmg to known techniques for example by 
puter periodically, in known manner, measures the ampli- providmg m the movemem algorithm, a penodic return of 
tude of the signal emitted by the peripheral wire. This device to a, preferably mduction, rechargmg staUon, 
measurement enables the on-board computer to know the 35 such as described in the European patent 0 744 093. 
distance separating it from the wire and therefore to control According to another aspect of the invention, in the 
the direction of the machine in order to keep it at a fixed robotic mower, a source of energy can be provided consist- 
distance from the wire. ing of a heat engine generator, operating with a classic fuel. 
If the length of the wire has previously been stored in the of low power driving the robotic unit through a regulator, 
memory of the on-board computer, this can determine with 40 Preferably the generator is the low- voltage three-phase type, 
a reasonable precision the time when a complete round has running at a stable speed but higher than that of traditional 
been effected by the mower along this wire. The mower can generating sets and driving the system via a bridge rectifier, 
then move away from the wire by a distance equal to the This type of generator is commercially available for 
cutting width in order to be able to effect a new circuit at a example for camping or installation in sailboats, 
distance from the wire increased by the cutting width. The 45 By way of example, the engine can be a 2-stroke one of 
operation can thus be repeated by each time increasing the 35 cm^ driving a three-phase generator. The engine can run 
distance between the mower and the peripheral wire, ideally at 3000 or 4500 revolutions per minute thus generating up to 
until arriving at the center of the area to be mowed. 200 or 450 watts respectively. The thermal generator can 
According to a variant of the embodiment, it is not thus be derived from a Honda EX 500 generator provided 
necessary to store the length of the above mentioned wire in 50 with a GE 35 engine, the unit being modified by connecting 
the computer. The length can indeed be determined by the a 24 V 10 A regulator. 

on-board computer by integrating the differences in speed This technique enables the implementation of a very 

between the driving wheels of the machine (changes of compact and light unit, which produces electricity flexibly, 

direction), until the cumulated change reaches or exceeds with an autonomy greater than that possible by utilizing a 

360**. To this end, the system can also advantageously 55 rechargeable battery. It should be understood that according 

integrate a magnetic or inerlial compass. to an aspect of the invention, a similar type of power supply 

It should be understood that this method according to the can be adapted to all mobile autonomous robots, 
invention, based on a wire located at the boundaries of the According to yet another aspect of the invention, the 
surface area to be mowed can be applied to all autonomous mower can be provided with a rechargeable battery con- 
robotic mowers, including those which only have one single 60 nected to the above mentioned thermal generator whether or 
cutting head, not suited for supplying electric power direct or through the 

Nevertheless, in certain circumstances, this method based rechargeable battery which is connected thereto, 

on a wire located at the boundaries of the surface area to be According to still another aspect of the invention, the 

mowed has two limitations: mower can be provided with an ultrasonic detector, of the 

the farther the machine moves away from the wire, the 65 sonar type, from which the data are transmitted to the 

more the signal decreases and the more difficult it is to on-boaid computer in order to enable the device to slow 

obtain a precise positioning in relation to this wire, down when approaching an obstacle. The obstacle itself 
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being detected by the relative movement of a plate and of the 6. Robotic mowing device comprising an on-boaid corn- 
chassis as already described. puter able to act on an electronic advancement control 

FIG. 1 is a schematic top view of an embodiment of a system said computer being programmed for applying the 

lawn mower according to the invention. process of claims 1. 

HG. 2 is a schematic elevation view of the mower from 5 7. Robotic mowing device according to claim 6 charac- 

pjQ ^ tensed in that it comprises at least two cutting heads. 

HG. 3 is a view in perspective of the mechanical part of ?• ^^o\ic mowing device according to claim 7 charac^ 

. J- . .u • tensed m that the two cutting beads are each driven by an 

another robotic mower according to the invention. i*^iia*'U lu luai m*^ i^rw vu^uu^ uvavio ox*, vovu uiiwu uj on 

In FIG. la beam chassis lean be seen, covered by a hood independent motor ^ ^ - c^t. 

2, e.g. in polycarbonate or polyester. The beam chassis is 10 ^' ^^^^ according to clami 7 comprismg furthemioie a 

mechanicaUy connected at the front to five identical cutting means for measurmg the fo«:e provided by each cutting 

heads 3 situated on two Unes and offset in relation to the head the afores«d measurement be^^^ 

perpendicular to the direction of movement, so as to be able ^f^y ^ ^^-^'^^'^ ^^"'P*^^" °° 

to cover a substantial part of the width of the mower. Three advancement control system 

free wheels 5 can be discerned siUiated in triangle at the 15 ^ ^'""'^ '^^'^'^^ ^Z^!" ^ ^""^^^ charactensed m 

front, the foremost free wheel 5' being a loose wheel. that it is programmed or applymg a mo^^ 

Flexible attachment means 4 for the heads, and two driving ^/g"^ ^^^'"^^ '^^^^'^ ^ ^^^.^^^ ^.^ 

wheels 6 driven by electric motors 7 can also be discerned. ^jeference value^ased on a random patii combined with 

These driving wheels will generally advantageously be of me^urements of the force registered in at least two 

large diameter in Older to avoid all jarring of the chassis in 20 ^^^^Qng ea . . , . ^ . . 

movement. Hie generator is located in 8. the computer in 9 , U- Device according to clami 6 wherem the motors are 

and the optional ultrasonic detector in 10. The device has a electrical motors. 

width of fhe order e.g. of 1 meter. ^ 12 Device according to claim 6 compnsmg a means for 

In FIG. 3 most of die above mentioned elements can be ""^t'f ''^ '^^^'""^ movement of a plate flexibly 

discerned. The plate 2 is not represented. The loose wheel 25 «**r.'^- , . , . . , 

from FIG. 1 has been replaced by an element in arc of circle Device accordmg to claim 6 compnsmg a means for 

capable of pivoting like a loose wheel, arc of radius greater ">e™g a magnetic field or the variation of a magnetic 

J. . . 7 u t tt Tt.- c .• u J field emitted or caused by a laid-down or buned Wire located 

and bearmg a set of wheels 11. This configuration has proved suij.itu ui vaui».u a loiu mi. 

to be advantageous for avoiding too great a jolting of the at the aforesaid boundaries. 

unit. The two other free wheels 5 are m the form of short 30 device according to claun 6 mduding an elecmc 

^^^^^ power si4)ply unit which comprises a heat engine generator. 

\\ru \ ■ 1 • A ' 15. Device according to claim 7 wherein the driving 

What is claimed is: . i . j. i». ^ . ^ . 

1. An operating method for a robotic lawn mower which ^^^^ * ^^^^^^ from 2 to 4 tmies greater than the 
comprises ° wheels. 

^ ' , ,^ 16. Device according to claim 6 integrating a magnetic or 

positionmg the mower along a wire dehmitmg the penph- inertial compass. 

ery of the surface area to be mowed, ^^^j^^ according to claim 6 wherein the cutting heads 

periodically receiving with an on-board computer the are flexibly mounted so that ground irregularities can lift 

measurement of the amplitude of a signal emitted by each cutting head independently. 

the peripheral wire, ^ 18. An operating method for an on-board computer in a 

sending commands by the computer to a control system in robotic lawnmower comprising the steps of: 

order to make the mower advance at a constant distance receiving periodically a measurement of the amplitude of 

from the aforesaid peripheral wire, a signal emitted by a peripheral wire, 

evaluating by the computer on the basis of the measure- sending commands to a control system within said robotic 

ment of the distance the time when a complete round 45 lawnmower in order to make the mower advance at a 

has been effected by the mower along the wire, and constant distance from the aforesaid peripheral wire, 

controlling through the computer a positioning of the lawn being then cut on a defined width, 

mower at a distance from the aforesaid wire greater evaluating, on the basis of the measurement of the 

than the previous one, the difference being equal too or distance, the time when a complete round has been 

less than the cutting width. 50 effected by the mower along the wire, 

2. A method according to claim 1 wherein, when the then controlling a positioning of the mower at a distance 
signal emitted by the wire is of an intensity of less than a from the aforesaid wire greater than the previous one. 
reference value, the computer applies an algorithm based on 19. An operating method according to claim 18 wherein 
a random path. the difference in the distance from the wire is equal to or less 

3. A method according to claim 1 wherein, when the 55 than the said cutting width. 

signal emitted by the wire is of an intensity of less than a 20. An operating method according to claim 18 wherein 

reference value, the computer applies an algorithm based on the time when a complete round has been effected is also 

a spiral. evaluated on the basis of a measurement of the changes of 

4. A method according to claim 1 wherein, when the direction. 

signal emitted by the wire is of an intensity of less than a 60 21. A method according to claim 18 wherein, when the 

reference value, the computer applies an algorithm based on signal emitted by the wire is of an intensity of less than a 

a back and forth systematic mowing, the change of direction reference value, the computer applies an algorithm based on 

being controlled by the level of the signal emitted by the a random path. 

aforesaid wire. 22. A method according to claim 18 wherein, when the 

5. A method according to claim 1 wherein the computer 65 signal emitted by the wire is of an intensity of less than a 
evaluates on the basis of the measurement of the distance reference value, the computer applies an algorithm based on 
combined with a measurement of the changes of direction. a spiral. 
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23. A method according to claim 18 wherein, when the 
signal emitted by the wire is of an intensity of less than a 
reference value, the computer applies an algorithm based on 
a back and forth systematic mowing, the change of direction 
being controlled by the level of the signal emitted by the 
aforesaid wire. 

24. A method according to claim 18 wherein the robotic 
lawnmower has two cutting heads each driven by an inde- 
pendent motor and comprises a means for measuring the 
force provided by each cutting head, the aforesaid measure- 
ment being transmitted independently to the on-board com- 
puter and being the basis to operate the electronic advance- 
ment control system when the signal emitted by the wire is 
of an intensity of less than a reference value. 

25. A method according to claim 18 wherein the lawn- 
mower further comprises a magnetic or inertial compass. 

26. An operating method for an on-board computer in a 
robotic lawnmower comprising the steps of: 

receiving periodically the measurement of the amplitude 

of a signal emitted by the peripheral wire, 
sending commands to a control system in order to make 

the mower advance at a constant distance from the 

aforesaid peripheral wire, the lawn being then cut on a 

defined width, 
evaluating, on the basis of the measurement of the change 

of direction, the time when a complete round has been 

effected by the mower along the wire, 
then controlling a positioning of the mower at a distance 

from the aforesaid wire greater than the previous one. 
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27. A method according to claim 26 wherein, when the 
signal emitted by the wire is of an intensity of less than a 
reference value, the computer applies an algorithm based on 
a random path. 

28. A method according to claim 26 wherein, when the 
signal emitted by the wire is of an intensity of less than a 
reference value, the computer applies an algorithm based on 
a spiral. 

29. A method according to claim 26 wherein, when the 
signal emitted by the wire is of an intensity of less than a 
reference value, the computer applies an algorithm based on 
a back and forth systematic mowing, the change of direction 
being controlled by the level of the signal emitted by the 
aforesaid wire. 

30. A method according to claim 26 wherein the robotic 
^5 lawnmower has two cutting heads each driven by an inde- 
pendent motor and comprises a means for measuring the 
force provided by each cutting head, the aforesaid measure- 
ment being transmitted independently to the on-board com- 
puter and being the basis to operate the electronic advance- 

20 ment control system when the signal emitted by the wire is 
of an intensity of less than a reference value. 

31. A method according to claim 26 wherein the mea- 
surement of the change of direction is perforated by inte- 
grating the differences in speed between driving wheels 

25 operating the lawnmower. 

32. An operating method according to claim 26 wherein 
the difference in the distances from the wire is equal to or 
less than the said cutting width. 

* « m ♦ * 
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